and reported a correlation of only 74% when the media were incubated under aerobic conditions and 92.5% when the atmosphere was enriched with CO 2 . 5, 6 The MICs, as determined by the E test method, were a mean of one twofold dilution higher when the atmosphere contained CO 2 , compared with those determined in air. In contrast, we observed correlations of between 95% and 100% , regardless of the atmospheric condition. Moreover, the numbers of minor discrepancies detected by us were lower than those reported by other investigators. 6 This study has demonstrated that, when determining the MICs of -lactams by the agar dilution method, the results are not influenced by the atmospheric conditions during incubation. H owever, this conclusion cannot be extrapolated to other classes of antibiotics.
The use of Sorbarod biofilms to study the antimicrobial susceptibility of a strain of Streptococcus pneumoniae Sir, Important variables of antimicrobial susceptibility testing, such as the MIC and MBC, are almost invariably determined with planktonic bacteria in broth culture. Bacteria within biofilms have been shown to be less susceptible to antibiotics; this has been attributed to the growth conditions and nutrient supply within the biofilms and to the presence of a glycocalyx which is impermeable to antimicrobial agents.
1,2 It has been proposed that the term 'biofilm eradicating concentration' (BE C) should be used in place of the conventional MIC and MBC in studies in which the antimicrobial susceptibilities of bacteria in biofilms are determined. 3 A drawback to the study of bacteria in biofilms has been the lack of a simple and reproducible technique. H owever, this has changed with the recent development of artificial biofilms or Sorbarods. A Sorbarod consists of a paper sleeve containing a compacted concertina of cellulose fibres. These simple biofilms have been used to establish continuous culture biofilms of both Staphylococcus aureus and Pseudom onas aeruginosa. 4 In the present study, the susceptibilities of a penicillinsusceptible clinical isolate of Streptococcus pneum oniae to four -lactams were determined in Sorbarod biofilms and the results compared with the MICs and MBCs determined by the traditional broth dilution method and with MICs determined by the E test method.
The penicillin-susceptible strain of S. pneum oniae studied here was isolated from the sputum of a patient with community-acquired pneumonia and the antibiotics tested included benzylpenicillin (Britannia, R edhill, U K), ampicillin and co-amoxiclav (SmithKline Beecham, Worthing, U K) and cefuroxime (G laxo, G reenford, U K). MICs and MBCs were determined by a broth-dilution method described by H olt & Brown.
5 E test strips were obtained from A B Biodisk, Solna, Sweden and the MICs were determined according to the manufacturer's instructions. S. pneum oniae A TCC 671310 was used as a control for both the broth dilution and E test methods of susceptibility testing.
The Sorbarods were provided by Ilacon, Tonbridge, Kent, U K. Sorbarod biofilms were prepared by a modification of the published method. 4 Cellulose Sorbarods (10 mm in diameter and 20 mm in length) were placed in 10 cm lengths of silicone tubing with an internal diameter of 10 mm. These were then connected by tubing (0.8 mm internal bore) to a supply of Brain H eart Infusion (BH I; O xoid, U nipath, Basingstoke, U K) broth. The effluent end of the Sorbarod was connected via plastic adaptors to replaceable 150 mL sterile glass bottles, thereby enabling collection of effluent fluid at any time during the investigations. E ach Sorbarod was inoculated with 3 mL of a 10-12 h broth culture of the bacterium in BH I broth and BH I 'feed' broth was delivered by a 12-channel 205U peristaltic pump (Watson Marlow, Falmouth, U K) at a flow rate of 0.1 mL/min. The whole apparatus with 12 biofilms was placed in an incubator at 37°C. A t designated times, biofilm efflu-ent was collected over 15 min and the numbers of viable planktonic bacteria were determined. Individual Sorbarods were then harvested in 5 mL of BH I broth and vortexed to disintegrate the cellulose matrix and the numbers of viable organisms in the bacterial suspension were determined. 5 Steady state growth of the bacteria in the Sorbarods was obtained within 24 h and maintained for at least 96 h. Viable counts in the biofilm vortexate were normally 10 15 cfu/L, while those in the biofilm effluent were c.10 13 cfu /L. A fter 24 h, individual biofilms were exposed to a single antibiotic concentration in BH I broth for 18 h. The numbers of viable bacteria in the biofilm and biofilm effluent were then determined as described above. 5 The MICs and MBCs of the four -lactams for the pneumococcal isolate, as determined by the broth dilution and E test methods, ranged from 0.015 mg/L to 0.06 mg/L. The BE Cs and effluent MBCs were 0.03 mg/L, i.e. the same as, or within one two-fold dilution of, the results obtained by the conventional methods. These observations suggest that biofilms confer no protection against the activities of the antibiotics tested on this particular strain of S. pneum oniae, even when the bacterial numbers in the biofilms are very high.
We have demonstrated here that the Sorbarod biofilm model is both simple and well-suited to studying the invitro susceptibility of an important respiratory pathogen and allows reproducible growth patterns to be obtained. Moreover, with a 12-channel peristaltic pump, sufficient numbers of Sorbarod biofilms can be employed to cover the same range of concentrations that are used in conventional tests for determining MICs and MBCs, thereby facilitating the determination of the BE C of a particular antibiotic. Placing a T-connector upstream of the biofilm makes it relatively easy to replace BH I as the growth medium with one containing an antibiotic at a defined concentration. A lthough the Sorbarod method may be labourintensive, one of its principal advantages is the ease with which the conditions of growth can be altered and antibiotics introduced without disturbing the bacteria growing within the biofilm. The growth conditions within biofilms that are created by this model are therefore more likely to approximate those occurring in vivo than are those that prevail during conventional MIC and MBC studies. We propose that Sorbarods might be useful for determining the BE Cs of both existing and novel antimicrobial agents for a wide range of bacterial pathogens.
